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[57] ABSTRACT

A vehicle system for local public passenger transporta-
tion, 1n which a number of vehicle components are used
to realize a vehicle system according to a building-block
system. The vehicle components are so constructed that
they can be assembled into vehicles or trains usable only
with tracks, selectively with or without tracks, or only
without tracks.

1 Claim, 22 Drawing Figures
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UNIVERSAL VEHICLE SYSTEM FOR THE
PUBLIC LOCAL TRAFFIC

This is a continuation of application Ser. No. 798,877,
filed May 20, 1977 now abandoned.

The present invention relates to a vehicle system for
the conveying of public passengers which includes ve-

hicles which can be used only with tracks, selectively
with or without tracks, or only without tracks.

The rail systems for locally conveying public passen-
gers distinguish themselves by their suitability for the
serivce of main lines, by high transportation or convey-
ance capacity and, insofar as they include a line of their
own, by high conveyance velocity, punctuality, com-
fort and high environmental compatability. On the
other hand, the rail systems are not really adaptable to
all localities and they possess the known weaknesses of
requiring a constderable amount of surface area, and of
high requirements as regards the infrastructure.

Transportation systems with passenger cabins, espe-
cially those with small cabins, presuppose a network
covering a relatively long distance or large area but
including many stopping points, if they are to fulfill the
goal of providing a passenger motor vehicle-like traffic
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which then have to be charged to the bus traffic system
would increase considerably. |

The combination of the positive properties of the
track-bound and of the trackless transportation system
1s therefore sought after. This is at present already prac-
ticed traffic-wise or at least aimed at in large cities as so
called “integrated traffic system.” In this “integrated
traffic system,” road traffic (bus, taxi) and rail traffic
(city-, underground- and underground trains) are oper-
ated as a linked traffic system. In principle also the
private passenger motor vehicle belongs thereto as a
result of parking spaces at the railroad stations (Park
and Ride). The railroads service the main lines, while
buses service the surface or they are used for the inter-
connection of interchanges and, eventually, for the

- rapid conveyance with a limited number of stops, i.e.,
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service with fixed destinations which minimizes the

approach and waiting periods of time. In ideal form, a
transportation system with passenger cabins possesses
advantages in service, travelling speed, and comfort.
Moreover, such transportation systems have low per-
sonnel costs as a result of the automatization and are
favorable as regards environment. However, such
transportation systems have weaknesses in managing
occurrences of a relatively large number of passengers
at a single point, in the costs of the infrastructure, in the
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energy consumption and in the adaptability to varying

traffic conditions. Above all, the more closely knit the
planned network of the transportation system, the more
difficult 1t is to install the necessary network on elevated
lines into the cities. If, for these reasons, the network
becomes wide-spread and is constructed so asto be of a
limited expanse, then small cabin systems combine only
the disadvantages of passenger motor vehicles and rails
namely small transportation capacity and a requirement
of tracks. Consequently, no future changes can be as-
cribed to this transportation system with small cabins,
even though certainly many of the findings and experi-
ences gained during the development are transferable
also to other transportation systems.

The strength of the bus traffic system resides in its
flexibility. As a public passenger system on the road, the
bus traffic system can service in principle all of the
traffic services created by the passenger motor vehicle.
Additionally, such traffic system has no special require-
ments as to infrastructure, requires only small invest-
ments, i1s a large series product and, according to the
most recent developments, is quite readily compatible
with the environment—by virtue of engines with low
€missions.

Also known are the system-conditioned weaknesses
of the transportation system of buses such as, for exam-

ple, the limited size of the transportation units, the rela-

tively high personnel costs resulting therefrom and the
traffic impairment by other vehicles which utilize the
same roads. Of course, many of these shortcomings can
be reduced by bus lanes, by priorities at road intersec-
tions, etc.; however, the costs of the infrastructure
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‘express bus service. The interchange places for the

respective transportation systems in the “integrated
traffic systems™ are constructed as favorable as possible,
the schedules are matched to one another, and the tick-
ets are valid from start to destination for all of the trans-
portation systems. However, unfortunately, also this
“Integrated traffic system” also provides an interrupted
service since it may be necessary for the passenger to
transfer to several different units in the transportation
system to reach a given destination.

It 1s a technical task of the present invention, to cre-

ate, in lieu of the “integrated traffic system”, an “inte-

grated transportation system” which can readily adapt
itself to the respective traffic task, yet treates the passen-
ger as carefully as possible. The requirements of the
system of the present invention are a servicing of the
surface as also of the main lines, adaptation to changing
traffic demands as well as to new traffic services, high
conveyance velocity, punctuality and high travel com-
fort, lowest possible demands as regards infrastructure,
advantageous transportation units which should be
large-series products, low energy consumption and, of
course, environmental compatibility.

As solution to the underlying problems, it is proposed
according to the present invention that a vehicle system
is provided wherein the vehicle components can be
assembled or disassembled according to the building-
block principle. For this purpose, according to the pres-
ent invention, vehicles or trains usable only with tracks,
selectively with or without tracks, or usable only with-
out tracks are provided with the vehicles or trains being
assembled from the following vehicle components com-
prising

bus-like passenger cells of different lengths and
closed on all sides each with a driver position and with
installation space for at least one non-steerable axle
adapted to be driven and for a steerable axle as well as
with installation space for at least one driving source;

bus-like passenger cells open unilaterally at the rear
end, possibly of different lengths, with a driver position
and with an installation space for at least one non-steer-
able axle adapted to be driven and for a steerable axle;

bus-like passenger cells open at both ends in front and
to the rear, possibly of different lengths, without driver
position and with installation space for a non-steerable
axle or for a tandem arrangement of such axles:;

bus-like passenger cells open unilaterally at the front,
possibly of different lengths, without driver position
and with installation space for a non-steerable axle or

for a tandem arrangement of such axles;

movable accordion-like or similarly encapsulated cell
connections transmitting pushing or tractional forces
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for the connection of the open, mutually facing ends of
passenger cells;

non-steerable vehicle axles adapted to be driven with
corresponding axle suspension;

non-steerable, non-driven vehicle axles or tandem
arrangements of such axles with corresponding axle
SUSpension; |

steerable vehicle axles with corresponding axle sus-
pension; |

transverse guide means for non-steerable axles
adapted to be influenced by track guide means on the
side of the track;

cross guide means for steerable axles adapted to be
influenced by track guide means on the side of the track;

drive sources, preferably internal combustion engines
with change-speed transmissions, adapted to be fed
from an energy supply taken along in the vehicle;

electric motors as drive source adapted to be fed from
Wires.

The trackless road vehicles, which will represent
numerically the largest part of the traffic system, must
remain as universally usable as the present-day bus.

The vehicle modification which is provided for the

type of traffic system utilizing tracks must be able to

perform the same service that is offered at present by
progressive rail systems or will be offered by the same
in the future. A large cohesive traffic system will be of
interest or will become of interest in all those places
- where the traffic density permits. Only the track-tied
traffic system on its own line will, in the future, enable
a fully automatic operation. The automatic operation
will be carried out, not necessarily but probably pre-
dominantly, on a cohesive network with exclusive lines
of its own and with supplied energy such as electrical
energy.

It has been proved that advantages can be gained
under certain circumstances for the local public passen-
- ger traffic if the road vehicles are able to travel also
temporarily and eventually only over short distances on
tracks. The vehicles of such a traffic system must there-
fore be both steerable from the inside as also guided by
‘tracks from the outside. In order to satisfy all conceiv-
able requirements, the drive of the road vehicle must
also be constructed multi-modal, i.e., with self-con-
tained energy source (preferably fuel and internal com-
bustion engine) or with supplied energy (preferably
electrical drive). In networks, in which the trackless
portion 1s very small and always adjoins a track-tied
portion, a modification is also feasible which has only an
electric drive and which for the trackless distance
carries along the energy in batteries. However, by rea-
son of the large weights, this will remain the exception.

The requirement for economy can be fulfilled in that
the system as a whole is conceived according to the
building-block principle. As a result thereof, all three
types of traffic can be reduced to few different assembly
building blocks in a manner favorable as regards costs.
It 1s possible to come back to the large-series manufac-
turing techniques, already introduced and proved in

practice, as regards construction and manufacture. This 60

point is of particular importance for the present inven-
tion.

In further development of the present invention, the
buiiding-block principle can also be applied to the semi-
finished construction of the cell, and more particularly
in that at least a part of the following shaped cell mod-
ules of same width and height are readied, which are so
constructed that they can be connected together into

4

passenger cells of a desired appearance and suitable

- length. For this purpose, the cell modules may be pro-
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vided with:

continuous window modules,

window modules with installation space for a non-
steerable, non-driven axle,

window modules with installation space for a non-
steerable, driven axle,

window modules with installation space for a steer-
able axle,

window modules with installation space for a driving
source,

boarding modules,

driver position modules with boarding,

driving position modules without boarding,

cell termination on the side of the driver position,

rear cell termination with installation space for the
driving source,

rear cell termination, simple,

couphng member for open cell end in front, and

coupling member for open cell end in the rear.

‘These and other objects, features and advantages of
the present invention will become more apparent from
the following description when taken in connection
with the accompanying drawing which shows, for pur-
poses of illustration only, several embodiments in accor-
dance with the present invention, and wherein:

FIG. 1 1s a schematic view of a traffic system in the
public passenger local traffic of a large city;

FIGS. 2, 3, 3a and 4 are schematic side views of
different passenger cells as building blocks for a build-
ing-block system to achieve the dual traffic system of
the present invention;

FIGS. 8a to 5f are schematic plan views of different
axles of the building-block system of the present inven-
tion;

FIG. 6 is a schematic plan view on a drive as building
block of the system according to the present invention;

FIGS. 7a to 7c are schematic side elevational views of
vehicles utilizable only on roads, i.e., without tracks,
which can be obtained from the building-block system
of the present invention;

FIGS. 8a to 8¢ are schematic side elevational views of
various vehicles obtainable from the building-block
system of the present invention which can be used selec-
tively on roads as also on tracks, i.e., vehicles with dual
use;

FIGS. 9a and 95 are schematic side elevational views
of two vehicles from the same building block system
which are of different length and can be used only on
tracks;

FIG. 10 i1s an artistic sketch of a traffic intersection
point with examples for the use of vehicles utilizable
purely on roads and of vehicles utilizable in a dual man-
ner; and

FIG. 11 1s an artistic sketch of another vision with
examples of the use of vehicles utilizable purely on
roads and purely on tracks.

Referring now to the drawing, and more particularly
to the schematic view of FIG. 1, the load of the main
traffic paths is indicated by the corresponding width
thereof. A high traffic concentration and a corrspond-
ing high load of the traffic arteries exists in the core
zone. The use of track-tied vehicles on their own line is
acceptable in that case and is also required for the main-
tenance of a punctual line schedule. Vehicles, which
travel only in the core zone, will therefore always be
operated on tracks only. They are conceived exclu-
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stvely for track operation: large conveyance space, long
trains, capable of being operated both in the forward
~and backward directions. In the suburban zones in
which the traffic thins out, the traffic system has to be

designed for surface service. Because of the free use of 5

the road, only the use of trackless vehicles can be ac-
cepted here. Vehicles which travel both in the suburban
zone and also in the city zone or even in the core zone
will therefore be constructed for track or surface ser-
vice. These last mentioned vehicles, in the city and in
the core zone, utilize the elevated lines of the track-tied
vehicles of the local public passenger traffic system.

The dual use of the elevated lines of the public pas-
senger local traffic system having purely track-tied
vehicles along with the vehicles constructed for track
or surface service, economic reasons of the manufacture
of these vehicles makes it necessary to employ a uni-
form basic concept with respect to the dimensions and
construction for all types of vehicles thereby permitting
the development of a traffic system which can be assem-
bled in accordance with the proposed building-block
system.

Dimensions for optimum traffic considerations are
selected for the vehicle cells without rigid consideration
of present-day regulations, and more particularly, the
dimensions are selected on the assumption that after this
new system of the public passenger local traffic has
proved itself, the .corresponding exceptions will be
granted. In accordance with the present invention, a
cell may be provided having a maximum width of 2.6
meters and an average standing height of 2.2 meters.

FIGS. 24 provide an example of a cell constructed

according to a 1.5 meter module. FIG. 2 provides an
illustration of uninterrupted window modules 1, win-
dow modules 2 with installation space for a driving axle,
window modules 3 with installation space for steerable
axle, boarding modules 4, driver position module with
boarding §, a forward cell termination 6, and a rearward
cell termination 7. FIG. 4 provides an example of a and
driver position module without boarding 8 and a for-
ward cell termination 6, with FIG. 3 providing an ex-
-ample of a and coupling member 9.

Two basic bodies exist. The main vehicle FIG. 2 has

a length of 11.5 meters, the “trailer” of FIG. 3 has a
length of 7.5 meters. With slight changes, also a special
form for the purely track-tied operation is possible
(FIG. 4) with an overall length of 15 meters. The floor
1s mnitially determined uniformly at 0.75 meters above
ground. The aim toward lowering the floor in city buses
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wheel outer diameter, whereby it is presupposed that

~ the efforts undertaken at present by all tire manufactur-

ers for increasing the load bearing capacity of tires of
small diameter will have success. The low wheel diame-
ter in conjunction with the floor height of 0.75 meters
results in very small wheel installations which are then
preserved also for the purely track-tied vehicles and
hardly impose any great limitations as regards seat and
standing space distribution.

Of the various possibilities for the external guidance
only the positive guidance system will be considered by
reason of the requirement for a train formation. The
“road axles” are provided with guide rolls for the track
guidance similar to the constructions which are success-
fully in operation with the underground in Paris, Tor-
onto, etc. (FIGS. 5a and 5¢). The rear axle which is
non-pivotal in road traffic (FIG. 54) can be made piv-
otal for the track-tied operation within a small angular

range which depends on the wheel base and on the

radius of curvature. If this range is small, for example,
+4° with a wheel base of 6 meters and a minimum
radius of curvature of 50 meters, then no special suspen-
sion construction is necessary therefor. The generally

~ provided pneumatic spring system provides this degree

25

of freedom with correct construction and design. For
stability reasons, the axle must always be locked during

- road operation. The road operation will make the larger

30
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demands in spring path, type of spring and damping.
The systems developed therefore will be preserved with
the track guidance. Only the rear axle is provided as
driven axle, of which a non-driven modification exists
only for the special vehicle of the trackless traffic.

An installation for fuel operation with an internal
combustion engine and with a transmission and a second
installation for the electric drive, consisting of an elec-
tric motor with electronics and control, are required for
the drive. In order to remain as fully as possible within
the building block system, a horizontal engine of ex-
tremely flat type of construction is desirable. With the
floor height of 0.74 m., at most 450 mm. are available as
maximum height for such a flat engine inclusive of the
engine housing. A dry sump, a flat arrangement of the
auxihary apparatus and a favorable conduction of the
air and exhaust gas channels are necessary therefor. The
transmissions are, of course, automatic with retarder.
Engines with 150 and possibly 200 kw should be avail-
able as driving power. The same spatial limitations

- apply for the accommodation of the electric drive.

to 0.50 to 0.54 meters is contrary to the concept of 50

universality. Whether a lowering of the floor for the
road vehicles is possible without excessive negative
consequence for the entire vehicle can be determined
only from the constructive detailing. In order to be able
to board level both {from the ground as also from the
‘railroad platform, adjustable steps have to be provided.
The cells must be adapted to be reinforced for absorb-
ing traction forces (train formation).

As regards the axles and the guidance of the vehicle,
for all vehicles both of the trackless as well as of the
track-tied traffic, axles with pneumatic tires are pro-
vided. The axle loads of maximum 10 tons (with excep-
tion up to 11 tons) which are prescribed for the road,

will be preserved (twin tires, FIG. 5b). Single-tire'

mountings with 7 tons of load-bearing force are pro-
vided for the steerable axle (FIG. 5d). A tandem ar-
rangement of axles with single tire mountings is shown

in FIG. 5f A dimension of 800 mm. is assumed for the

.
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It need not be decided at present whether the current

supply of the driving motors which depends on electric

conductors 1s to take place by way of current rails, as is

‘known from the subway systems, or whether, for safety

reasons, ground rails and (suspended) drive wires are
necessary.
Possible variations which can be assembled from
these building blocks are illustrated in FIGS. 7 to 11.
Three units are provided as road vehicles (FIGS. 7a
to 7c¢ or reference numerals 7a or 7c in FIG. 10 or refer-
ence numerals 7b and 7c¢ in FIG. 11) whmh are formed

of two building block elements:

In FIG. 7a, a universal bus is provided having a
length of 11.5 meters with about 44 seats and about 31
standing spaces (0.25 m?/person) or with about 61
standing spaces according to the German road regula-
tions.

In FIG. 7b, a joint bus is provided which is formed of
a main vehicle generally designated by the reference
numeral 100 and a trailer generally designated by the
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reference numeral 200. The joint bus has a iength of 17.5
meters, with about 64 seats and about 46 standing spaces
(0.25 m2/person) or with about 106 standing spaces
according to the German road regulations.

Both types of vehicle are already admitted at present
in similar form in the Federal Republic of Germany.

In FIG. 7¢, an element bus is provided which is
formed of the main vehicle and of two *“trailers” 200,
300. The element bus has a length of about 23.5 meters
with about 84 seats and about 61 standing spaces (0.25
m2/person).

Such a vehicle (element bus) would not be permitted
on the roads according to the regulations existing at
present in Germany. By reason of the large passenger
capacity of the element bus, it offers advantages espe-
" cially for the connection of main centers and subsidiary
centers in the rush hours of the traffic. Since, however,
the maneuverability need not be poorer than that of the
joint buses (possibly with the exception of backing up),
such a modification offers favorable prerequisites which
could be examined in a test stage in quasi-practice.

All of the above-mentioned road vehicles and espe-
cially the element bus are possible also as dual mode
vehicles by the use of the axles with guide rollers
(FIGS. 8a to 8¢, reference numeral 86 in FIG. 10). The
track guidance takes place by lateral guide tracks at a
distance of about 25 cm similar to the guidance, which
has been utilized in subways. These guide tracks may
also be current rails. During the track-tied operation,
the driving axle of the main vehicle must be pivotal and
must therefore be unblocked and the positive steering of
the trailer elements must be released. This must take
place automatically by conventional means when enter-
ing the track and vice-versa when leaving the same.

The bifurcations (switches) of the track-tied network
are active switches with pivotal tongues. Level inter-
sections are not provided in the track-tied part. They
are avolded at present in all modern subways for traffic
and safety reasons.

Whether the drive of the dual-mode vehicles can take
place only by way of the internal combustion engine
which, of course, would result in low costs or whether
certain portions of the network of the traffic system
such as, for example, longer tunnel distances also re-
quire an electric drive can be decided only in the indi-
vidual case. A bi-modal drive, consisting of combustion
engine and electric motor is possible; however, addi-
tional weight and additional costs result therefrom.

Vehicles for the track-tied operation, at first all dual-
mode vehicles, can be used also exclusively in the track-
tied network. With particularly high traffic density, it
may also be desirable to have available larger units
(FIGS. 9z and 9b, reference numeral 9c in FIG. 11). By
the exclusive use of the twin-tire ten-ton axles, a vehicle
having a length of about 15 meters can be constructed in
which, for example, only each front axle is driven. By
coupling together two such units, a twin wagon will
result having a length of about 30 meters with, for ex-
ample, 110 seats and about 100 standing spaces (0.25
m2/person) as shown in FIG. 94 or in FIG. 11 where it
is indicated by reference numeral 9¢. For those vehicles
which can be used only with tracks, the electric drive
will predominate. By coupling together two or more
twin wagons, a train results (FI1G. 95). However, it may
be assumed that the automation of the train traffic on
large cohesive networks with tracks enables the elimi-
nation of longer trains in favor of a closer train se-
quence.
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It offers no difficulties to so construct the units that
the traffic is possible substantially similarly in both driv-
ing directions.

While I have shown and described several embodi-
ments in accordance with the present invention, it is
understood that the same 1s not limited thereto but is
susceptible of numerous changes and modifications as
known to those skilled in the art, and I therefore do not
wish to be limited to the details shown and described
herein but intend to cover all such changes and modifi-

cations as are encompassed by the scope of the ap-
pended claims.

I claim:

1. A system for manufacturing a plurality of vehicles
forming a local public passenger transportation system,
characterized in that the local public transportation
system services an inhabited area comprising an inner
core zone, an outer city zone, and a suburban zone; at
least one of said vehicles of the local public transporta-
tion system is adapted to be used only with a track and
service the inner core zones; at least one other of said
vehicles is a dual mode vehicle adapted to be selectively
used with or without a track and to service the outer
city zone; and at least a further one of said vehicles of
the local public transportation system is adapted to be
exclusively used on a road surface without tracks and to
service the suburban zones; said vehicles in the local
public transportation system are constructed and assem-
bled in a building-block fashion from at least one of a
plurality of modular vehicle components comprising:

bus-like passenger cells of differing lengths which are

closed on all stdes, each of the bus-like passenger
cells including a driver position module, an installa-
tion space for accommodating at least one non-
steerable driven axle, an installation space for ac-
commodating one steerable axle, and an installation
space for accommodating a drive source;

bus-like passenger cells of differing lengths open at a

rear end each of said open rear end bus-like passen-
ger cells including a driver position module, an
installation space for accommodating at least one
non-steerable driven axle, and an installation space
for accommodating one steerable axle;

bus-like passenger cells of differing lengths open at a

. front end, without a driver position module, each
open front end passenger cell including an installa-
tion space for accommodating one of a non-steera-
ble axle or a tandem arrangement of non-steerable
axles, said open front end passenger cells being
adapted to be connected to a bus-like passenger cell
open at the rear end;

bus-like passenger cells of differing lengths open at

both a front end and a rear end, each of said bus-
like passenger cells open at both the front and rear
ends including an installation space for accommo-
dating one of a non-steerable axle or a tandem
arrangement of non-steerable axles;

movable accordion-like passenger cell connection

means transmitting pushing and tractional forces
for connecting mutually facing open ends of the
bus-like passenger cells;

driven non-steerable vehicle axles adapted to be

mounted on the bus-like passenger cells;

one of non-steerable non-driven vehicle axles or tan-

dem arrangements of non-steerable non-driven
vehicle axles adapted to be mounted on the bus-like
passenger cells;
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steerable vehicle axles adapted to be mounted on the influenced by track guide means on a side of the
bus-like passenger cells; track; and

drive sources adapted to be fed from an energy sup-
ply carried in the vehicle including at least one of
an internal combustion engine and electric motors

track; | adapted to be fed from electric conductors.
cross guide means for steerable axles adapted to be L I

cross guide means for non-steerable axles adapted to
be influenced by track guide means on a side of the
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